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FRUIT YIELD AND NUTRITIONAL CHARACTERISTICS OF SWEET PEPPER
GROWN UNDER SALT STRESS IN HYDROPONIC SYSTEM'

NADIELAN DA SILVA LIMA? ENIO FARIAS DE FRANCA E SILVA?, DIMAS MENEZES?,
TEREZINHA RANGEL CAMARA?®, LILIA GOMES WILLADINO?*

ABSTRACT - Irrigation with brackish water is common in the semiarid region of the Brazilian Northeast,
potentiating the process of salinization of the soil in these areas. The hydroponic system stands out as an
important strategy for crop management in semiarid regions, since crops show greater tolerance to the salt
stress under hydroponic conditions, which minimize the effects of soil salinization. Thus, the objective of this
work was to evaluate the effects of salt stress on the growth, fruit yield and mineral nutrition of sweet pepper in
hydroponic system, using brackish water and coconut fiber substrate. The experiment was conducted in Recife,
State of Pernambuco, Brazil (8°3'15"S, 34°52'53"W). A randomized block experimental design in a 5x2
factorial arrangement with five replications was used, consisting of five water salinity levels of the nutrient
solution (2.0; 3.5; 4.5; 5.5 and 6.5 dS m™") and two sweet pepper cultivars (Bruno and Rubia). The increasing
salinity level of the nutrient solution decreased the fruit yield of the cultivars evaluated, reduced the potassium,
phosphorus and sulfur, and increased the sodium and chlorine contents in the leaf tissues. The Ca contents of
the cultivar Bruno decreased with increasing salinity, and increased in the cultivar Rubia. The cultivar Rubia
stood out with the highest fruit yield and ionic selectivity, accumulating high amounts of potassium and
calcium and maintaining low Na and ClI contents. The fruit yield of the cultivar Rubia (39.9 t ha-') grown under
solution with electrical conductivity of up to 3.5 dS m™, denotes the potential viability of growing this cultivar
under hydroponic conditions.

Keywords: Capsicum annuum L.. Tolerance to salinity. Mineral nutrition. Ionic selectivity. Sodium. Chloride.

RENDIMENTO E CARACTERISTICAS NUTRICIONAIS DO PIMENTAO CULTIVADO SOB
ESTRESSE SALINO EM SISTEMA HIDROPONICO

RESUMO - A irrigagdo com aguas salobra, frequente na regido semiarida do nordeste brasileiro, potencializa o
processo de salinizacdo do solo nessas areas. O cultivo hidropénico destaca-se como uma importante estratégia
de convivéncia com o semidrido, uma vez que as culturas apresentam maior tolerancia ao estresse salino nestas
condigdes de cultivo, as quais minimizam os efeitos da salinizagdo dos solos. O objetivo deste trabalho foi
avaliar os efeitos da salinidade sobre o crescimento, produgdo e nutrigdo mineral de pimentdo em cultivo
hidroponico utilizando 4agua salina em substrato de fibra de coco. O experimento foi conduzido em Recife,
Pernambuco, Brasil (8°3'15" S, 34°52'53" W). Foi utilizado o delineamento experimental em blocos
casualizados com fatorial 5x2, com cinco repeti¢des, consistindo em cinco niveis de salinidade da solugao
nutritiva (2,0; 3,5; 4,5; 5,5 ¢ 6,5 dS m™) e duas cultivares de pimentio (Bruno e Ribia). O incremento dos
niveis de salinidade da solucdo nutritiva diminuiu a produgdo de frutos das cultivares avaliadas, reduziu os
teores de potassio, fosforo e enxofre e aumentou os teores de sodio e cloro no tecido foliar. O teor de Ca da cv.
Bruno decresceu em fungdo do aumento da salinidade, e a apresentou aumento na cv. Rubia. A cv. Rubia
destacou-se pela maior produtividade e maior eficiéncia na seletividade i6nica, sendo capaz de acumular mais
potassio e calcio, e manter menores teores de Na e Cl. A produtividade da cv. Rubia (39,9 t ha-') quando
cultivada em solugio com condutividade elétrica de até 3,5 dS m™, indica a viabilidade potencial de seu cultivo
em condig¢des hidropdnicas.

Palavras-chave: Capsicum annuum. Tolerancia a salinidade. Nutricdo mineral. Seletividade i6nica. Sédio.
Cloreto.
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INTRODUCTION

The Brazilian semiarid region has low
irregular precipitation and high evapotranspiration.
Water from underground reservoirs that could be
used for agriculture often have high levels of
dissolved salts, which can cause soil salinization and
affect the productive capacity of crops.

Sweet pepper (Capsicum annuum L.) crops in
the Brazilian semiarid region are carried out by small
farmers and in areas where most of water sources
have excess salts (COSME et al., 2011). The
maximum soil salinity for growing sweet pepper
without fruit yield losses is 1.5 dS m™; above this
limit the fruit yield decreases 14% per salinity unit
(dS m™) increased (VILLAS BOAS; ZANINI;
DUENHAS, 2002). According to Mengel et al.
(2001), crops with decreased production under
electrical conductivity of the saturated soil extract
lower than 2.0 dS m™, such as sweet pepper, are
considered sensitive to salinity.

The salinity of the soil solution surrounding
roots hinders the water and nutrients absorption,
causing nutritional imbalance, decreasing the
availability of essential ions due to antagonistic
effects of Na™ with K, Ca*", Mg%, and CI” with
NOs’, SOy, PO, (PRISCO; GOMES FILHO, 2010;
FREIRE et al.,, 2010, KAHLAOUI et al., 2011;
HAJTAGHAEI-KAMRANI; HOSSEINNIYA,
2013), thus decreasing the fruit yield of most crops
(MUNNS; TESTER, 2008; DUMAN, 2012).

Matric potential contributes strongly to
decrease the total water potential, decreasing water
absorption by plants grown in the soil. Hydroponic
system contributes to minimize this effect, since the
small or non-existent contribution of the matric
potential, due to the saturation to which plants are
subjected, remaining only the osmotic potential,
which increase the total water potential, decreasing
the negative effects of using brackish water
(SOARES et al., 2007). Positive results of
hydroponic system with brackish water have shown
its potential for vegetable crops, such as lettuce,
tomato, rocket and sweet pepper (SOARES et al.,
2007; SOARES et al., 2010; SILVA et al., 2012;
NUNES et al, 2013; SANTOS et al., 2016).
Therefore, the hydroponic system is an alternative
for crops using brackish waters (SOARES et al.,
2007).

In light of the above, this study aimed to
evaluate to evaluate the effects of salt stress on the
growth, fruit yield and mineral nutrition of two sweet
pepper cultivars (Rubia and Bruno) in hydroponic
system, using brackish water and coconut fiber
substrate.

MATERIAL AND METHODS

The experiment was conducted during
120 days after transplanting (DAT) in a greenhouse
at the Federal Rural University of Pernambuco
(UFRPE), Recife, State of Pernambuco, Brazil
(8°01°05” S, 34°56°48” W, altitude 6.5 m). A
complete randomized block experimental design in a
5x2 factorial arrangement with five replications was
used, consisting of five salinity levels of the nutrient
solution (2.0; 3.5; 4.5; 5.5 and 6.5 dS m'l) and two
sweet pepper cultivars (Bruno and Rubia), totaling
10 treatments and 50 experimental plots. Each plot
consisted of two sweet pepper plants, with one plant
per pot.

Plants were transplanted to 8.0 liters
polyethylene pots 35 days after planting. The
substrate consisted of coconut powder (2.0 kg),
which was air-dried and placed in the pots (SANTOS
et al., 2016). Coconut powder is an inert substrate
with insignificant effect on the matric potential
(BARRETO; TESTEZLAF; SALVADOR, 2012).

The hybrid cultivars Bruno and Rubia have
average cycle of 110 to 120 days. Commercial
seedlings, with 35 days after planting and six leaves,
were transplanted to the pots, with spacing of 0.5 m
between pots and 1.0 m between rows (planting
density of 20,000 plants per hectare). The plants
were tutored to prevent lodging.

The drip irrigation system consisted of five
200 liters reservoirs with the five salinity levels of
the nutrient solution, which was pumped to bypass
lines consisted of polyethylene hoses (16.0 mm
diameter), from which originated microtubes
(5.0 mm diameter) with pressure compensating
drippers (flow rate of 4.0 L h™), and each dripper
directed to a replication of the treatment. The plants
were irrigated once a day, according to the need of
the crop for each development stage. The irrigation
was ended when the pot capacity was reached and
the solution begun to drain.

The salt solutions were prepared with water
and NaCl considering the four electrical conductivity
levels of the nutrient solution (ECsol) (1.5, 2.5, 3.5
and 4.5 dS m™). The salts of the nutrient solution
(FURLANI et al., 1999) were then added to the final
ECsol of 3.5, 4.5, 5.5 and 6.5 dS m",and a treatment
consisted of a solution of 2.0 dS m™ was used as
control. The salinity levels chosen were according to
Nunes et al. (2013).

The pre-flowering nutrient solution consisted
of 750 g L' of calcium nitrate, 450 g L of
potassium nitrate, 200 g L of mono-ammonium
phosphate (MAP), 400 g L™ of magnesium sulfate,
25 g L' of iron chelate —- EDDHA-Fe —and 25 g L™
of a solid mix of micronutrient chelated by EDTA.
The fruiting nutrient solution consisted of the
pre-flowering solution plus 75 mL L™ of boric acid
solution (25 g L™") and 150 g L' of mono-potassium
phosphate (MKP). The pH of the solution was
maintained between 5.0 and 6.0.
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The number of fruits per plant, average fruit
weight (g fruit') and fruit yield (t ha') were
evaluated. Fruit yield was determined by multiplying
the average fruit weight per plant (kg) by the plant
density (20,000 plants per ha) and the result was
divided by 1000, thus obtaining the productivity
value, in tons per hectare (t ha™). The fruits were
weighed in an analytical precision scales (0.01 g).
The fruits of five harvests during the experiment
were quantified. The first harvest started at 63 DAT,
when the fruits reached the marketing stage (green),
and the last one at 120 DAT.

P, K, Ca, Mg, S, Cl and Na contents in the
leaf tissue of the plants were evaluated in dry,
ground, and digested samples in a CEM microwave
oven (ABREU et al., 1995). P was determined by
colorimetry; sodium and potassium by flame
photometry; calcium and magnesium by atomic
absorption spectrometry; sulfur by turbidimetry of
barium sulfate; and chloride through titration with

silver nitrate (Mohr’s method) (MALAVOLTA;
VITTI; OLIVEIRA, 1997).

The means were subjected to analysis of
variance. The quantitative factor (salinity level of the
nutrient solution) was analyzed by regression, and
the qualitative factor (sweet pepper cultivars) was
analyzed by comparisons of means by the Tukey test
at 5%.

RESULTS AND DISCUSSION

The fruit yield of the sweet pepper cultivars
evaluated (Bruno and Rubia) had a significant
interaction with the electrical conductivity (salinity
level) of the nutrient solution (ECsol).
Independently, the factors cultivars and ECsol
significantly affected all production variables
(Table 1).

Table 1. Analysis of variance of number of fruits per plant, average fruit weight (g fruit™) and fruit yield (Mg ha™) of the
sweet pepper cultivars Bruno and Rubia (C), as a function of electrical conductivity (salinity levels) of the nutrient solution

(ECsol).
Source of Degrees Mean square
variation of freedom Number of fruits per plant Average fruit weight Fruit Yield
Block 4 17.98™ 265.85™ 119.28 *
ECsol 4 627.13 ** 6381.02 ** 4228.55 **
C 1 212.18 ** 7177.86 ** 1976.54 **
ECsolx C 4 16.63 ™ 70.09 ™ 136.59 *
Error 36 10.52 109.87 35.54
CV (%) - 20.45 17.25 25.92
Mean Values
Bruno - 13.80b 48.80b 16.71b
Rubia - 17.92 a 72.76 a 29.28 a

CV = Coefficient of variation. Means followed by the same letter in the column do not differ at 0.05 of
probability by the Tukey test. ™ = Not significant at 0.05 of probability by the F test. *= significant at 0.05 of
probability by the F test and **= significant at 0.01 of probability by the F test.

The number of fruits decreased linearly with
the increase in the salinity, with significant effect on
both cultivars (Figure 1A). Losses due to salinity
reached 12.4% per unit increase in the nutrient
solution salinity (dS m™). The number of fruits of the
cultivar Rubia, 30 to 11, were higher than those of
the cultivar Bruno, 26.6 to 7.4 fruits plant”, when
applying the highest ECsol (6.5 dS m™). A similar
work with the hybrid Eliza reported a decrease in
number of fruits from 19 to 13, with plants grown
with ECsol from 1.5 to 6.0 dS m", in water
containing calcium nitrate and potassium chloride
(LEONARDO et al., 2008). The cultivar Rubia
showed higher fruit weight, varied within a range of
109 to 46 g fruit!. The linear decrease of the fruit
weight with increasing ECsol resulted in losses of
14.8% per unit increase in the nutrient solution
salinity (dS m™) (Figure 1B). The fruit weight of the

cultivars decreased 57.7% (Rubia) and 68% (Bruno)
with the highest ECsol compared with the control
(2.0 dS m™). These results were directly related to
fruit yield, which decreased with increasing ECsol
(Figure 1C). The fruit yield losses of the cultivars
reached 85% (Rubia) and 91% (Bruno) under the
highest ECsol. These losses were expected, since a
good development and production of sweet pepper
crop requires a nutrient solution with ECsol of 2.0 to
3.0 dS m™ (FURLANI et al., 1999).

Hydroponic system with brackish water in
nutrient flow technique (NFT) is a closed system, in
which the solution continuously circulates in the
system. The advantages of this system for crops with
use of brackish water are the absence of direct
contact with the environment, which avoid soil
salinization, and the more efficient use of water and
fertilizers. Thus, NFT hydroponic is a potential
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alternative for crop systems in semiarid regions. The
fruit yield of the cultivar Rubia in the hydroponic
system with brackish water ECsol of up to 3.5 dS m™
was 39.9 t ha', and the sweet pepper fruit yield
grown in the field without salt stress is 25 to 40 t ha™
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Figure 1. Regression analysis of the number of fruits per plant (NF) (A), average fruit weight (AFW) (B) and fruit yield (C)
of the sweet pepper cultivars Bruno and Rubia as a function of the electrical conductivity of the nutrient solution (ECsol).

According to the analysis of variance of the
mineral nutrient contents in the sweet pepper leaves,
the interaction of the ECsol with the cultivars
affected their calcium, sodium and chloride contents
(Table 2). It was observed the isolated effect of

ECsol levels on the contents of phosphorus,
potassium, sulfur, sodium and chloride. The cultivars
factor had a significant effect for all evaluated
nutrients, except for magnesium and sulfur.

Table 2. Analysis of variance of phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), sulfur (S), sodium (Na)
and chlorine (Cl) contents (g kg™') in the sweet pepper cultivars Bruno and Rubia (C), as a function of electrical

conductivity of the nutrient solution (ECsol).

Source of F Mean square
variation P K Ca Mg S Na Cl
Block 4 0.2 ** 6.24 ™ 51.3 ** 032" 0.07 ** 0.90™ 741
ECsol 4 2.006 ** 147.28%* 8.50 ™ 0.50 ™ 0.03 * 149.90 ** 608.03 **
C 1 0.38 ** 222.61%* 48.15 ** 0.15™ 0.008 ™ 221.37 ** 892.56 **
ECsol x C 4 0.03 ™ 8.19™ 1434 * 0.06 ™ 0.005 ™ 11.74 ** 80.5 **
Error 36 0.05 12.88 3.95 0.29 0.008 2.70 9.71
CV (%) - 11.09 21.78 13.82 7.79 8.69 21.85 21.11
Mean values
Bruno - 1.93b 1437b 1341b 6.87 a 1.07 a 9.63 a 1899a
Rubia - 2.11a 18.59 a 1538 a 6.98 a 1.10a 542b 10.54 b

CV = Coefficient of variation, DF = Degrees of freedom. Means followed by the same letter in the column do not differ
at 0.05 of probability by the Tukey test. "= Not significant at 0.05 of probability by the F test. *= significant at 0.05 of
probability by the F test and **= significant at 0.01 of probability by the F test.
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The Na and CI contents in the leaf dry matter
of the cultivar Rubia were lower in all treatments
receiving NaCl in the nutrient solution (Table 3).
Shoot accumulation of Na and Cl depends on the
genotypic capacity to exclude these ions by
transpiration (WILLADINO; CAMARA, 2010). The
cultivar Bruno , on the other hand, had the lowest Ca
contents, except in the plants grown with the lowest
level of NaCl in the nutrient solution. Calcium

deficiency often causes spots (black area) on the
surface of the sweet pepper fruit, which is known as
blossom end rot (TAYLOR; LOSCASCIO, 2004).
The cultivar Bruno showed this symptom from
4.5 dS m'. The addition of NaCl to the nutrient
solution resulted in Ca contents lower than 13 g kg™
in the cultivar Bruno, which is lower than the
adequate Ca content for sweet pepper at fruit
production stage (MILLS; JONES JUNIOR, 1996).

Table 3. Average calcium (Ca), sodium (Na) and chlorine (Cl) contents (g kg™) in the sweet pepper cultivars Bruno and
Rubia as a function of salinity levels of the nutrient solution (dS m™).

Salinity levels ta Na <l
Bruno Rubia Bruno Rubia Bruno Rubia
2.0 16.05 A 14.03 A 2.10 A 1.27 A 232 A 191 A
3.5 12.56 A 14.03 A 9.12 A 3.84B 1526 A 10.73 B
4.5 13.18 B 16.46 A 9.81 A 6.55B 2279 A 11.25B
5.5 11.66 B 1538 A 11.89 A 6.27 B 26.52 A 13.55B
6.5 12.61 B 16.99 A 1523 A 9.19 B 28.03 A 1524 B

*Means followed by the same letter in the column do not differ from each other at 0.05 of probability by the Tukey test.

The contents of P, K and S in the leaves of
both cultivars showed linear decreases with
increasing salinity (Figure 2). The P content reduced
7.3% per unit increase in the nutrient solution
salinity (dS m™) (Figure 2A). The average levels of
P in the cultivar Bruno did not exceed 1.81 g kg™
under saline conditions, which is below the adequate
P content, 2.0 g kg, for sweet pepper (TRANI;
RAIJ, 1997). The cultivar Rubia, on the other hand,
had P contents lower than 2.0 g kg only under the
highest ECsol. Decreased P contents due to
increasing salinity were caused probably by
the high levels of the Cl ion, which can have
antagonistic interactions with phosphorus (FREIRE
et al, 2010; KAHLAOUI et al, 2011;
HAJTAGHAEI-KAMRANI; HOSSEINNIYA,
2013), however, there is no clear evidence of the
interaction between salinity and changes in
phosphorus absorption (DUMAN, 2012).

The contents of K in the leaf tissues
decreased with increasing ECsol (Figure 2B),
confirming the effect of salt stress by the high
concentration of Na (DUMAN, 2012).

The average contents of K varied from from
21.9 to 10.2 g kg™ in the cultivar Bruno and from
23.1 to 15.7 g kg in the cultivar Rubia. These K
contents were below the appropriate range for sweet
pepper (40 to 60 g kg™) (TRANI; RAIJ, 1997). The
K content reduced 8.0% per unit increase in the
nutrient solution salinity (dS m™). A reduction in K
content in the cytoplasm can occur due to
depolarization of the plasma membrane in roots

under salt stress; and the activation of channels
induced by reactive oxygen species favors K efflux
(FLOWERS; MUNNS; COLMER, 2014).

Ca content in the leaves of the cultivar Rubia
increased 5.20% per dS m™”. The contents of Ca
ranged from 14.0 to 16.9 kg (Figure 2C), with
contents always higher than that of the cultivar
Bruno, which had decreases in Ca contents with
increasing ECsol, showing the efficiency of Ca
absorption by the cultivar Rubia under salt stress.
The Ca content of the cultivar Rubia were close to
those of experiments with sweet peppers hybrids
Eliza, 6.8 to 13.0 g kg throughout the crop cycle
(MARCUSSI, 2005), and Atlantis, 13.0to 15 g kg'1
(OLIVEIRA et al., 2015).

Variations in Mg contents of the cultivars
were not significant and not affected by ECsol. The
average Mg contents in the cultivars were 6.8,
Bruno, and 6.9 g kg”', Rubia. Even under salt stress,
Mg leaf contents were within the adequate range for
sweet pepper crop (3.0 to 10.0 g kg™') (TRANI;
RAIJ, 1997). These average Mg contents were close
to those found for the cultivars Eliza, 3.3 g kg™,
(MARCUSSI, 2005), Amanda, 6.0 g kg', and Rubia,
6.2 g kg, (SEDIYAMA et al., 2014) in absence of
salt stress.

S contents decreased linearly with increasing
ECsol (Figure 2D), showing contents of 1.04 to
1.22 g kg”'. The average content of S found in the
cultivars Amanda and Rubia in the absence of salt
stress was 2.97 (SEDIYAMA et al., 2014).
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Figure 2. Analysis of regression of phosphorus (A), potassium (B), calcium (C), sulfur (D), sodium (E) and chloride (F)
contents in the leaf tissue of the sweet pepper cultivars Bruno and Rubia as a function of electrical conductivity of the

nutrient solution (ECsol).

The Na and Cl contents had linear increments
with increasing ECsol in both cultivars. This
increase was more pronounced in the cultivar Bruno,
denoted by the angular coefficient of its regression
curves (Figure 2E, 2F). The cultivar Bruno had
increases of 87.3% (Na) and 68.6% (Cl), and
Rubia had increases of 76.2% (Na) and 66.1%
(CI) per dS m™. The cultivar Rubia stood out by its
ability of maintaining lower levels of these two ions
when compared to the cultivar Bruno. Thus, the
cultivar Rubia is more efficient in selective

absorption of ions under salt stress than the cultivar
Bruno, denoted by its greater capacity of absorption
of K and Ca and limitation of absorption of Na and
Cl. Avoiding high concentrations of CI and Na is
fundamental to reduce damages to the photosynthetic
apparatus and avoid inhibition of a large number of
enzymes (WILLADINO; CAMARA, 2010).

The interaction between cultivars and levels
of ECsol significantly affected the Na:K and Na:Ca
ratios in the leaf tissue (Table 4).
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Table 4. Analysis of variance of Na:K and Na:Ca ratios of the sweet pepper cultivars Bruno and Rubia (C) as a function of

electrical conductivity of the nutrient solution (ECsol).

Source of variation

Mean square

Degrees of freedom

Na:K Na:Ca
Block 4 0.02 ns 0.11 ns
ECsol 4 1.36 ** 0.83 **
C 1 2.93 ** 2.27 **
ECsol x C 4 0.24 ** 0.14 *
Error 36 0.02 0.04
CV (%) - 27.84 36.04

Mean values

Bruno - 0.81 a 0.78 a
Rubia - 0.31b 0.35b

CV = Coefficient of variation. Means followed by the same letter in the column do not differ at 0.05 of
probability by the Tukey test. ™ = Not significant at 0.05 of probability by the F test. *= significant at 0.05
of probability by the F test and **= significant at 0.01 of probability by the F test.
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s
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Z ........
04 | e
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Figure 3. Regression analysis of Na:K and Na:Ca ratios in the leaf tissue of the sweet pepper cultivars Bruno and
Rubia as a function of electrical conductivity of the nutrient solution (ECsol).

The leaf Na:K and Na:Ca ratios of both
cultivars increased linearly with increasing ECsol
(Figure 3). Under salinity conditions, with excess Na
and Cl, the high Na: K and Na:Ca ratio results in
ionic toxicity (Na" and CI') and ionic imbalance
(DUMAN, 2012). Salinity often inhibit absorption of
potassium and calcium ions due to competition of
sodium by absorption sites in the cell membrane,
since Na is absorbed through K-specific transporters
and low affinity cation channels, or non-selective
channels, the latter also transports Na, Ca and K
(MASER; GIERTH; SCHROEDER, 2002). The
Na:K ratio of the cultivar Bruno under salt stress was
higher than 0.6, and in the cultivar Rubia is
equal to or lower than 0.6, which is considered
adequate for efficient maintenance of metabolism in
non-halophytes (MUNNS; TESTER, 2008).
Tolerance to salinity is correlated with maintenance
of adequate potassium nutrition, and the Na:K ratio
can be used as a criterion to select sensitive and
tolerant materials to salt stress (MUNNS; TESTER,
2008).

CONCLUSIONS

Increasing the salinity levels of the nutrient
solution results in nutritional imbalance for the sweet
pepper cultivars Rubia e Bruno, due to the decrease
of potassium, phosphorus and sulfur contents and
increase of Na and Cl contents in their leaves.

The cultivar Rubia shows higher fruit yield
and is more effective in ionic selectivity,
accumulating more potassium, calcium and
phosphorus and maintaining lower contents of
sodium and chloride in the leaf tissue than the
cultivar Bruno.

The productivity of cv. Rubia grown in the
hydroponic system is potentially viable, without
yield losses, using brackish water at electrical
conductivities of the nutrient solution of up to
3.5dSm™.
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